ABSTRACT
INTRODUCTION

1
Rubella had been considered a relatively benign infection in children and adults.
2
However, the rubella virus is a potent, highly infectious, and teratogenic agent.
3
Infection in the first trimester of pregnancy can lead to fetal death or various birth 4 defects, including deafness, cataracts, and heart disease, known as congenital rubella 5 syndrome (CRS) (11, 16) . At least 100,000 cases of CRS occur each year globally 
10
Chinese immunization program has a long history and a national immunization 11 program was firstly established in 1978, which was a routine immunization schedule 12 that included 4 basic vaccines against 6 contagious diseases (tuberculosis, diphtheria, Prior to this, 2 types of rubella vaccine, including the imported RA27/3 and domestic 13 BRDII vaccines, had been used in several large cities in Eastern China since the 1990s 14 (35).
15
The rubella virus is the sole member of the Rubivirus genus in the Togaviridae 16 family and is a positive-sense RNA virus with a genome of 9762 nucleotides, which 17 encodes 2 nonstructural polypeptides (P150 and P90) and 3 structural polypeptides (C, In this study, we examined whether changes in the genotypic distribution of 9 rubella viruses have occurred in the post-vaccination era, particularly following the 10 recent rubella epidemic peak. The epidemiological profile of rubella and the origin 11 and evolution of the predominant rubella viruses circulating in China are described in 12 detail. We sought to provide data that would contribute to our genetic knowledge base 13 on these viruses and help to form a rational scientific basis for the prevention and 14 control of rubella and CRS in China. We also used a Bayesian approach to estimate 
MATERIALS AND METHODS
19
Rubella incidence data sources. The number of all clinically diagnosed and 20 laboratory confirmed rubella and measles cases and the annual rubella incidence rates 21 were taken directly from reports from the National Notifiable Disease Reporting Shanxi, and Tianjin), which covered the east, central, and western regions of China. The PCR products were purified using the QIAquick Gel Extraction Kit (Qiagen, 4 Valencia, CA, USA), and the amplicons were bi-directionally sequenced using an ABI 5 PRISM 3100 Genetic Analyzer (Applied Biosystems, Hitachi, Japan). In order to reduce the computation load, sequences with high homogeneity and 7 identical isolation years were deleted. Data were analyzed under both the 
RESULTS
4
The epidemiological profile of rubella in China. Since 2004, the average 5 reported incidence rate of rubella cases increased from 1.85/100,000 (24,051 cases) to eastern China was 62.84%, 58.07%, 42.04%, 37.02%, 46.40%, and 42.45%, 13 respectively, for each of these years. These were relatively lower than those in central 14 and western China, whereas the proportion of reported rubella cases within the 15 to Genotype 1E rubella viruses were found in all 15 provinces, and a 96.7-100% 14 nucleotide identity (99.1%-100% amino acid identity) was found among these viruses. were used for data analysis, and it was found that UCLD with EG fit our data best, 4 while the HKY and GTR nucleotide substitution models had no significant impact on 5 the analysis ( Table 2 ). The coefficient of variation of the estimated evolutionary rates Both the strict and relaxed clock models were implemented using the Bayesian by assuming independent rates in different branches rather than a strict clock.
18
Recently developed methods based on coalescent theory for inferring the In vitro, RNA virus nucleotide misincorporation rates per site ranged from 10 -3 to 7 10 -6 , due to the intrinsic error rates of the RNA polymerase and the lack of anti-viral responses (7) . As an RNA virus, rubella has the potential to continually 11 mutate, so close monitoring of the genetic variations of wild-type rubella strains is 12 necessary. In this study, we estimated that the mean mutation rate of genotype 1E 
16
The effects of strong negative selection can be seen in the sixteen-fold lower Europe. However, analysis of additional sequences is needed to determine the origin 9 and evolution of genotype 1E rubella viruses with greater accuracy.
10
A shift in the predominant genotype from 1F and 2B to 1E was found with the and WHO measles regional reference laboratory funding (WPCHN1002802 Chinese genotype 1E viruses were named according to WHO standard nomenclature 
